Abstract: Based on selected taxa of Lycoperdales and Geastrales, phylogeny and delimitation of several gasteroid mushroom genera were investigated using RFLP and sequence analysis of 18S rDNA and ITS rDNA (ITS1-5.8S-ITS2). Support for an Agaricales-Lycoperdales relationship was found, the Geastrales being clearly separated from this lineage. Within the Lycoperdales, Lycoperdon was found to be polyphyletic, whereas Bovista appeared to be monophyletic.
in some species of Bovista, and in the larger species of Vascellum F. Smarda.
The "Bovista type" refers to a composition of several units of sclerified hyphae, mostly aseptate, loosely or densely ramified, with distinct main stems, with or without pits. They may correspond to the binding hyphae in the anatomy of polypores (Kreisel 1994 (Kreisel , 1998 . This type occurs in Bovista plumbea and many other Bovista spp., as well as in Bovistella Morgan and Calbovista Morse. The "transitional type" is intermediate between the Lycoperdon type and the Bovista type: main stems are discernible, but interconnected by branches. It is typical for several species of Bovista, e.g., Bovista limosa Rostrup.
The "Mycenastrum type" is composed of separate units as in the Bovista type, but hyphal ramification is much reduced, and the hyphae are spiny. It is only found in Mycenastrum corium (Guers.) Desv.
The "Calvatia type" has a coherent capillitium with loosely ramified hyphae as in the Lycoperdon type, but the hyphae are frequently septate. Pits are circular to somewhat elliptic, or lacking. This type may be interpreted as sclerified generative hyphae as distinguished in the polypore anatomy (Kreisel 1994 (Kreisel , 1998 . It is found in all species of the genus Calvatia Fr. including Langermannia Rostk. and Gastropila A. Homrich &J.E. Wright. A similar capillitium type, but with wavy to coiled hyphae, is found in the closely related genera Abstoma G. Cunn. and Disciseda Czern.
The "Handkea type" is similar to the Lycoperdon type, but walls exhibit long slit-like pits. Such pits are characteristic for all species of Handkea Kreisel (Kreisel 1989), but are typical for Arachnion lloydianum Demoulin, too. In the smaller Vascellum species (Kreisel 1993 ) and in all species of the lignicolous genus Morganella (Kreisel and Dring 1966) , no true capillitium is found. Instead, the gleba often contains "paracapillitium" (hyaline thin-walled hyphae with frequent clampless septa, also accompanying the capillitium in the other gasteroid taxa, especially L. pyriforme). It corresponds to generative hyphae of the polypores (Kreisel 1993 (Kreisel , 1994 .
The present study further explores the relationships of gasteroid fungi to agarics, seeks evolutionary lineages within gasteroid orders and genera, and evaluates concepts of current taxonomy using RFLP and sequencing analysis of the nuclear encoded 18S rRNA gene and the ITS spacer region. Our attempts at gathering molecular data focused on inclusion of members of the smaller puffballs in the Lycoperdaceae (Lycoperdon, Bovista, Bovistella, Morganella, and Vascellum) plus the larger puffballs of Calvatia (Lycoperdaceae) and Mycenastrum (Mycenastraceae). 20 s). ITS region PCR products were processed for the purpose of preliminary RFLP analyses as well as sequencing analysis. PCR products serving as templates for sequencing reactions were purified using spin columns (QIAquick PCR Purification Kit, Qiagen), yielding a final volume of approximately 30 pLL. ITS PCR products bound for restriction digestion were cleaned by adding an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1, pH 6.7, Biotechnology Grade, Amresco), homogenizing, and centrifugation at 10 600 g for 15 min. Eighty FL of the aqueous phase was removed, mixed with 8 FxL sodium acetate and 190 puL ethanol, and chilled at -20 C for several hours. After another centrifugation (15 min,-4 C, 12 900 g) the pellet was washed with 70% ethanol, and then resuspended in TE buffer.
Cycle sequencing products were generated using the ABI of gasteroid fungi and therefore provide a way to detect major groups. Myriostoma coliforme (Geastrales) features a thick-walled capillitium forming thorns (FIG. 1B) similar to that of Mycenastrum corium (Lycoperdales), which is composed of thin-walled hyphae and organized in separate units (FIG. IC) . Capillitium types that are obviously similar may have resulted from convergent evolution, but in some cases they can provide evidence of relationships within definite gasteroid groups. SSU rDNA data (FIG. 2) Within the Lycoperdaceae, an uncertainty remains with respect to the boundaries between Lycoperdon and Bovista. In contrast to the SSU data (FIG. 2) , ITS region sequences (FIG. 4) suggest that Bovista is monophyletic as delimited by Kreisel (1967b) . In Bovista, the type of capillitium (Kreisel 1964 (Kreisel , 1967b has been used as a taxonomic character. A transitional connection of Bovista species with Bovista type capillitium by species with Lycoperdon type capillitium (B. pusilla) and transitional type capillitium (B. polymorpha) to Lycoperdon could not be supported by RFLP analysis (FIG. 3) . Next to the Bovista type capillitium (B. paludosa, B. plumbea, B. nigrescens), both the transitional type and the Lycoperdon type occur within Bovista, which makes capillitial characters equivocal to separate Bovista and Lycoperdon. Important characters in Lycoperdon are a cellular subgleba and a gleba with pseudocolumella (Pegler et al 1995) . In Bovista spp. with a developed subgleba, it is always compact; the gleba has no distinct pseudocolumella.
Based on the RFLP data, Lycoperdon appears to be polyphyletic, which leads to the problem of redefining the generic limitations between Lycoperdon, Bovistella, Morganella, and Vascellum. Lycoperdon pyriforme has abundant capillitium and paracapillitium, all Morganella spp. have only paracapillitium, Vascellum pratense has a much reduced capillitium and abundant paracapillitium while most other Vascellum spp. have only paracapillitium. Combining both morphological and our current DNA data, we can not provide a conclusive solution. Molecular studies on an increased number of taxa are needed to understand the phylogeny of Lycoperdon and allies. Preliminary RFLP data suggested that Vascellum, Morganella, and Lycoperdon pyriforme are distinct from the other Lycoperdon spp. However, Morganella and L. pyriforme had to be excluded from the RFLP analysis due to the different size of the PCR product. Lycoperdon pyriforme is the only Lycoperdon species growing strictly on wood and woody debris. Species of Morganella are also lignicolous (Kreisel and Dring 1966) ; the specimen used here, however, as one of the only two samples of the genus from Europe, was found in a Sphagnum bog (Besl et al 1982) . Lycoperdon perlatum sometimes is found on very decomposed wood (as were samples DA-20, DA-110, DA-111). Vascellum has no lignicolous representatives (Kreisel 1993 ). Members of Bovista section Xyloperdon (Kreisel 1967b ) grow on the bark of living trees, not on dead wood. Xyloperdon samples were not available for this study.
The genus Lycoperdon is polyphyletic in all analyses shown in the present study. The topology of the unconstrained ITS phylogram (FIG. 4) differs from the RFLP analysis (FIG. 3) in the isolated position of Lycoperdon perlatum, while a clade including L. mammiforme, L. echinatum and L. foetidum is confirmed with a bootstrap value of 80%. In the RFLP analysis (FIG. 3) Lycoperdon pynrforme does not cluster with any other Lycoperdon species and could be segregated from the genus by additional characters. It is isolated within Lycoperdon not only for its obligate lignicolous habitat, but also for a few morphological characters. The subgleba remains white even in mature specimens, pits are lacking in the capillitium, and spherocysts in the outer layer of the exoperidium have a unique form (Demoulin 1972). The pear-shaped basidiocarps grow in clusters and are uniquely attached with conspicuous white mycelial strands. However, after the segregation of L. pyriforme, Lycoperdon remains polyphyletic in each analysis presented here. Therefore, we will not establish a new segregate genus to accommodate Lycoperdon pynrforme or transfer it to Morganella (see about similarities above) before more molecular data on species of Lycoperdaceae are available.
